Objective: To determine whether consanguinity adversely influences pregnancy outcome in South India, where consanguinity is a common means of family property retention.
Introduction
Four million newborns die every year, nearly all in developing countries. 1 Twenty-eight percent of newborn mortality is attributed to prematurity (gestation p37 weeks). 1 Although reliable data does not exist on the global incidence of prematurity, it is estimated that 14.5% of newborns in India are premature. 2 Although the association between gestation and birth weight is not linear or consistent, birth weight is frequently used as a surrogate measure of gestation because its measurement is more systematically assessed and reliable. 3, 4 Low birth weight (LBW), <2500 g, is the most commonly reported birth weight statistics. The incidence of LBW is 28% of the 25 annual million births in India, compared with 7% in developed countries. 5 Consanguinity, defined as the marriage or union between blood relatives, and its association with fertility, pregnancy loss, congenital anomalies, mental development, morbidity and mortality, has been the subject of scientific evaluation from the mid-nineteenth century. Although rarely practiced in western countries, kin marriage is widely practiced in parts of Asia, Africa and the Middle East, where it is a common means of family property retention. 6 First-cousin marriages predominate, mainly in Islamic countries. 6 However, consanguineous unions have not been confined to religious, rural or disadvantaged groups. 7, 8 South India has practiced consanguinity for over 2000 years. 7 In North Africa, and in much of West, Central and South Asia, 20% to over 50% of all current marriages are consanguineous. 6 Data on the relationship between consanguinity and fetal and newborn outcome vary. Some studies suggest more inbreeding represses birth weight, head circumference and other anthropometric measurements, whereas other investigators find birth weight to be the only anthropometric parameter affected by consanguinity, and some studies report no difference in any anthropometric measures. [9] [10] [11] Still others have shown consanguinity improves fetal growth, 12, 13 particularly where genetic similarity between parents is minimal. 14 Various studies have suggested that the effects of inbreeding on offspring are confounded by socioeconomic status. 7, 14, 15 This prospective cohort study was conducted to determine whether, beyond the effects of socioeconomic status and other potentially confounding factors, consanguinity is associated with adverse pregnancy outcomes including the incidence of miscarriage, stillbirth, birth defects, prematurity and LBW. The study was conducted in an area with a high prevalence (36%) of consanguinity. 16 Parental consanguinity is classified according to the extent of inbreeding, for example, the coefficient of consanguinity (F), and to the type of relationship (Table 1) . 17 
Methods

Study population
The study was conducted in four primary heath center areas in 16 of 19 subcenters (lower than primary heath center level facilities) in Belgaum district, Karnataka, India. The subcenters serve 43 villages with a population of 100 000. Nearly two-thirds of deliveries in Karnataka occur in health facilities compared with nearly 40% nationally; only about half of deliveries are conducted with the assistance of doctors. 18 In our study area, most deliveries not attended by physicians are assisted by auxiliary nurse midwives (ANMs). A prospective cohort of all consenting pregnant women consecutively registered for antenatal care at 14 to 18 weeks of gestation were enrolled between mid April and November, 2005 in the 16 subcenters staffed by ANMs. Three subcenters did not have ANMs for the study duration.
Information regarding consanguinity was obtained by interview and from patients' charts at screening from patients providing informed consent to participate in the study. A three-generation pedigree chart was drawn by the investigators to confirm and classify the degree of consanguinity for women whose screening indicated a consanguineous union. Current and previous obstetric history and sociodemographic information was obtained by trained interviewers. Information on socioeconomic status was obtained by reviewing 'above poverty line/below poverty line' cards that are given to all heads of household to identify families above and below the poverty limits for specific social welfare benefits by the Government of Karnataka. Families with white, green and yellow cards were considered as below the poverty line and those with red cards were considered as above the poverty line. Information on women's physical characteristics and hemoglobin levels were abstracted by the interviewers from information recorded in the antenatal register maintained by the ANMs, who were trained in systematic data recording for the study. Enrolled women and ANMs were provided study health cards to record information on pregnancy outcome. The health card included information on the date, mode and place of delivery, birth weight, vital status at birth, gestation, live birth, still birth, abortion, obvious congenital abnormalities and early neonatal death, as well as maternal blood pressure. All newborn weights at birth were measured by the ANMs using Salter scales (Salter Brecknell, West Midlands, UK) at the subcenters and, for women delivering at the primary heath center and other health centers, Detecto (European Clinical Warehouse, Suffolk, UK) baby scales. Both Salter and Detecto brand scales weigh to the nearest 100 g, and were periodically (quarterly or semiannually) calibrated.
Inclusion criteria
Consenting women between 14 and 18 weeks of gestation, registering for antenatal care with ANM presenting for antenatal care in the study subcenters with singleton pregnancy were eligible for this study.
Exclusion criteria
Women unwilling or unable to provide informed consent and those with multiple gestation were excluded from the study.
Hypotheses
The primary hypothesis was that the incidence of LBW in babies born to consanguineous women (married to second cousins or closer relations) would be X45% compared with 30% LBW rates in babies born to non-consanguineous unions. The secondary hypothesis was that the incidence of stillbirth, birth defects, miscarriage and prematurity in women with gestation> 18 weeks would be higher among consanguineous women who were married to second cousins or closer relations than women in nonconsanguineous marriages.
Statistical analysis and sample size A sample size of 460 was required to test the study hypothesis that the incidence of LBW in consanguineous women would be 45% compared with 30% in babies born to non-consanguineous women given an a ¼ 0.05, 1Àb ¼ 0.90 and a two-tailed test. Anticipating a maximum stillbirth rate of 3%, a 10% refusal rate and 12% loss to follow-up, the study needed to screen 575 women. It was estimated that 6 months would be required to screen 575 eligible women at participating study centers. Operational definitions used in the study The study defines preterm birth as a live newborn delivered after 28 weeks and before 37 weeks of gestation. Gestation was estimated as the difference between the date of delivery and last menstrual period. Newborns delivered after 37 completed weeks of gestation but less than 42 completed weeks of gestation are considered full term, and those delivering after 42 weeks are considered post-term. LBW is defined as <2500 g. Birth weight was measured by the ANMs for all women delivering at their health centers. Stillbirth is considered any ante-or intra-partum death of the fetus after 28 weeks of gestation, without evidence of life after birth. Miscarriage is considered as fetal loss-up to 28 weeks of pregnancy. Live birth is the complete expulsion of the fetus from its mother, after 28 weeks of pregnancy with any sign of life. Congenital abnormalities are defined as structural defects present at birth. Data were analyzed using SPSS version 17.0 (IBM, NY, USA 
Results
A total of 647 pregnant women consented and were enrolled over a 6-month period; there were no refusals. Seven women and their offspring were excluded from the study (six twins and one triplet) because of multiple gestation. Nearly one-quarter of eligible women (23.9%) had consanguineous marriages. Outcome data were available for 601 women delivering at the centers, of which 24.1% were consanguineous (Table 1) . Most consanguineous marriages were between first cousins (51.7%), whereas 30.3% were between uncle and niece, 4.1% were between first cousins once removed (e.g., first cousins removed by one generation) and 13.8% were between second cousins. All the marriages were between crosscousins (from the parent's opposite-sex sibling). No parallel cousin marriages (e.g., where the children who are first cousins of two same sex siblings marry) were observed.
The demographic characteristics were similar in both the groups ( Table 2 ). The consanguineous group was slightly, but not significantly, younger and had a similar number of prior pregnancies. Of those followed through delivery, 86% had above/ below poverty line socioeconomic cards. The majority of mothers were classified as below the poverty level in both the groups (69.1% in consanguineous and 73.7% in the non-consanguineous). Literacy was 72% in both groups. Most families lived in extended family households. Most mothers had fewer than three prior pregnancies, and very few were gravida 4 and above. There were two mothers who had both diabetes and hypertension in the nonconsanguineous group. Tobacco use (smoking and chewing) and alcohol consumption was rare. The incidence of anemia (hemoglobin<10%) was 60.6%, with slightly, but not significantly, lower rates in the consanguineous (54.5%) than in the nonconsanguineous (62.5%) groups. Abbreviation: LBW, low birth weight.
Consanguinity and pregnancy outcome in India MB Bellad et al The incidence of miscarriage was higher in the consanguineous (4.1%) than in the non-consanguineous (1.8%) group (P ¼ 0.178; Table 3); the difference was marginally significant in the adjusted logistic regression analysis (Table 4 , P ¼ 0.052). The incidence of stillbirth was significantly higher in the consanguineous (6.9%) than in the non-consanguineous group (2.6%, P ¼ 0.033, adjusted P ¼ 0.050). The incidence of pregnancy loss (miscarriage or stillbirth) was 11.0% in the consanguineous group compared with 4.4% in the non-consanguineous group (P ¼ 0.003, adjusted P ¼ 0.006). Age <20 years old was the only covariate significantly associated with lower rates of stillbirth (P ¼ 0.01) and pregnancy loss (P ¼ 0.023) in the adjusted analyses.
Consanguinity was not associated with prematurity (6.2% in both groups) in the unadjusted or adjusted analyses. Mean birth weight was nearly identical in the consanguineous and nonconsanguineous groups (2617 ± 463 vs 2634 ± 402 g, respectively). Still, the incidence of LBW was 29.5% in the consanguineous group compared with 21.8% in the non-consanguineous group (P ¼ 0.071), and statistically significant (odds ratio ¼ 1.60, 95% confidence interval 1.01-2.52, P ¼ 0.044) in the adjusted logistic regression analysis. The incidence of LBW was also significantly higher in babies born to women of lower than of higher socioeconomic status (odds ratio ¼ 2.3, 95% confidence interval 1.32-3.96, P ¼ 0.003) and to women who smoked cigarettes (odds ratio ¼ 6.52, 95% confidence interval 1.43-29.76, P ¼ 0.015).
Three congenital abnormalities were reported, including one case of anencephaly and one case of congenital heart disease in the consanguineous group, with one case of tracheoesophageal fistula in non-consanguineous group.
Discussion
Even though the incidence of consanguinity in our sample is less than that observed in other studies where kin marriages persist, consanguinity was significantly associated with a 2.5% higher odds of stillbirths and a 3.3-higher odds of pregnancy loss (stillbirths or miscarriage, P ¼ 0.006) in analyses adjusted for potential confounding factors. Our sample is not nationally or provincially representative and may be in an area with historically lower rates of consanguineous unions than other areas where kin marriage is common. 9,12,16,19 -21 Regardless, the association of consanguinity and pregnancy loss is consistent with other studies. 16,19,22 -25 The average incidence of stillbirth is highest where consanguineous marriage is common, estimated at 32 per 1000 in South Asia and sub-Saharan Africa (ranging from 25 to 41 per 1000) and 19 per 1000 (ranging from 14 to 25) in Northern Africa, compared with 5 per 1000 in economically advantaged countries where kin marriage is relatively rare. 26 Consanguineous couples had 2.4-higher odds of miscarriage (not statistically significant) in unadjusted analyses, but a 13 times higher marginally significant odds of miscarriage in adjusted analyses (P ¼ 0.052). The study did not identify abortions in the first trimester of gestation as women were enrolled between 14 and 18 weeks of gestation. The study also observed fewer congenital abnormalities than expected. This may reflect the potential reporting bias, for example, reporting congenital anomalies in live births only, and possible over-reporting of stillbirths in babies who died very soon after birth. Misperception and misreporting of very early newborn deaths as stillbirths may be a mechanism to minimize parental or provider grief, and is thought to be common in many rural areas in developing countries. 26 Owing to the small number of obvious congenital abnormalities reported, we cannot make any inferences about the association of consanguinity to congenital malformations that others have observed. 15, 25, [27] [28] [29] In adjusted analysis, the incidence of LBW was significantly higher among consanguineous than in non-consanguineous and among poor compared with economically better-off mothers. Similar observations have been reported, though not systematically, in some other studies. [9] [10] [11] [12] 20, 23, 28, 29 Reducing LBW does not confer the developmental or survival benefits that might be expected from reducing the incidence of prematurity. Decline in preterm birth and associated infant mortality is frequently seen without simultaneous or proportionate improvement in the birth weight distribution. 3 In our sample, consanguinity had no effect on prematurity, which continues to account for over a quarter of newborn deaths globally. 1 This observation is consistent with other studies, and may reflect imprecision in gestational evaluation that is common in primary healthcare facilities in rural areas of developing countries where ultrasound is unavailable and where electricity, if available, is unstable. 3, 4 In Lebanon, where reliable assessment of gestation was possible, consanguinity was associated with very preterm birth (<33 weeks) but not later preterm birth. 30 Consanguinity was assessed on the basis of self-report, through chart review and interviews. If kin marriage were stigmatized in the area, the incidence might have been underestimated and some consanguineous unions might have been misclassified as nonconsanguineous, falsely making the groups incidence of adverse outcomes seem more similar than they actually are. However, kin marriages are common and accepted in the area, and we believe the study participants freely and correctly explained their kin relation to their spouses. The limited extent of inbreeding (coefficient of consanguinity) and/or type of consanguinity in our study may also account for the lack of association with gestation, preterm birth and congenital anomalies. Although nearly one-quarter of participants in this study had consanguineous unions, most of them were between first cousins with a coefficient of consanguinity of 0.0625 and none were between parallel cousins. Analyses (not presented) of the association between the coefficient of consanguinity and outcomes were relatively uninformative because of the sample size and limited variation in the samples categories of inbreeding. In the Jerusalem perinatal cohort study, consanguinity was found to be associated with the incidence of major congenital anomalies in marriages between uncles and nieces and among first cousins, but not in marriages among more distant relatives. 15 Understanding the extent to which consanguineous marriages are influenced by cultural or political factors would be useful in designing interventions to reduce consanguinity or the coefficient of consanguinity, yet such information is difficult to tease out. 6, 31 Consanguinity not only poses reproductive risks but also increases the burden of child and healthcare and associated family expenses, and potentially limits family productivity and income. Where consanguineous marriages are most common, educational efforts to inform communities of the risks of such marriages may help to avert such marriages or reduce the coefficient of consanguinity. Although obstetric interventions are critical to reduce intrapartum pregnancy loss, 32 which accounts for more than half of the six million perinatal deaths each year, complementary mechanisms to reduce the practice of kin marriages or the extent of inbreeding may also have a significant role in reducing global pregnancy loss. 8 To supplement the interventions, currently promoted to reduce the global incidence of stillbirths, carefully designed educational efforts that avoid stigmatization should be examined to reduce consanguinity. 8,32 -35 In summary, our study indicates that the practice of consanguinity is associated with pregnancy loss and LBW, but not with prematurity, large problems in south Asia, north and sub-Saharan Africa. Interventions to avert consanguineous unions, including educating communities and families, are urgently needed to determine whether such efforts can effectively reduce the associated risk and the considerable burden of pregnancy loss.
